Abstract East Flower Garden Bank (EFGB) and West Flower Garden Bank (WFGB), part of Flower Garden Banks National Marine Sanctuary (FGBNMS) in the northwestern Gulf of Mexico, support tropical coral reefs that exhibit over 50% living coral cover. These reefs have been monitored annually since 1989, and in 2016 were exposed to higher than normal seawater temperatures leading to a severe bleaching event. Corals at EFGB and WFGB showed no signs of bleaching until September 2016, occurring later in the year compared to other reefs in the Caribbean region. Coral bleaching and subsequent recovery at each bank were documented through a time series of repetitive photographs within previously established long-term monitoring stations. Preceding the event, mean live coral cover within monitoring stations was collectively 64 ± 2%. Prior to signs of bleaching from July to September 2016, seawater temperatures on the reef were above 30°C for a total of 36 d at EFGB and 21 d at WFGB. By October 2016, 67 ± 5% of the coral cover within EFGB monitoring stations and 25 ± 3% within WFGB monitoring stations exhibited signs of bleaching or paling stress, with dissimilarities in the amount of bleaching most likely due to significant differences in thermal profiles between banks. Significantly increasing long-term trends for daily mean seawater temperature indicate that temperatures on the banks have become warmer over time, and calculated bleaching threshold curves suggest that more than 50 d above 29.5°C would initiate a bleaching year at EFGB and WFGB. Even though recovery within monitoring stations at both banks was documented with no significant declines in mean coral cover from 2016 to 2017 (64% and 62%, respectively), it is likely FGBNMS will be subject to additional and more frequent bleaching events in the future as ocean temperatures continue to rise.
Introduction
East Flower Garden Bank (EFGB) and West Flower Garden Bank (WFGB), positioned approximately 20 km apart, are two of the three banks containing well-developed coral reefs that presently comprise Flower Garden Banks National Marine Sanctuary (FGBNMS) located in the northwestern Gulf of Mexico (Fig. 1) . These reefs have developed on top of features formed by underlying salt domes, are located approximately 190 km south of the Texas-Louisiana border, and provide ideal conditions for colonization of Caribbean species of corals, sponges, invertebrates, macroalgae, and reef fish (Bright et al. 1984) . The banks range in depth from 16 to 140 m and contain
Topic Editor Morgan S. Pratchett
Electronic supplementary material The online version of this article (https://doi.org/10.1007/s00338-019-01788-7) contains supplementary material, which is available to authorized users.
& Michelle A. Johnston michelle.a.johnston@noaa.gov several diverse habitats, with the shallow coral reef cap (16-46 m) harboring tropical hermatypic coral species (Bright et al. 1985; Schmahl et al. 2008; Johnston et al. 2016) . Although the common coral species found at EFGB and WFGB are typical Caribbean reef species (predominantly Orbicella franksi and Pseudodiploria strigosa), the banks have relatively low species diversity: only 22 of over 60 western Atlantic and Caribbean region hermatypic coral species occur (Bright et al. 1984; Johnston et al. 2017) . Shallow water octocorals are absent and scleractinian corals of the genus Acropora are exceedingly rare, likely due to the banks being at the northernmost latitudinal limit of the coral distribution range in the Gulf of Mexico (Bright et al. 1985; Aronson et al. 2005) .
A federally supported annual long-term monitoring program has tracked specific areas of coral reef habitat atop EFGB and WFGB since 1989 (Johnston et al. 2016) . Since the initiation of the monitoring program, mean living coral cover has remained near or above 50%, despite declining coral cover in recent decades globally (Gardner et al. 2003; Jackson et al. 2014; Johnston et al. 2016 ). Due to their remote offshore location, relative inaccessibility, and depth, EFGB and WFGB have been relatively buffered from seawater temperature and salinity fluctuations, storm damage, and severe bleaching (Aronson et al. 2005; Johnston et al. 2016 ) that have impacted shallower, nearshore coral reefs worldwide (Altieri et al. 2017; Hughes et al. 2017 Hughes et al. , 2018 . Mild to moderate bleaching has been documented at the banks in years past (i.e., 1990, 1995, 2005, 2010) in association with prolonged seawater temperatures in excess of 30°C; however, none of these events caused significant coral mortality or changes in overall mean percent coral cover CSA 1996; Precht et al. 2008; Eakin et al. 2010; Zimmer et al. 2010; Johnston et al. 2013) .
In 2016, coral reefs globally were exposed to extreme seawater temperatures leading to severe bleaching events, most notably on the Great Barrier Reef (Ainsworth et al. 2016; Hughes et al. 2017; Monroe et al. 2018) . This was the third global-scale event recorded since mass coral bleaching was first documented in the 1980s (Hughes et al. 2017) . While bleaching in the Caribbean region was less severe than the Pacific region (Hughes et al. 2018 ), a significant bleaching event was documented at EFGB and WFGB that began in late September 2016 directly associated with a sustained period of elevated seawater temperatures. This is the most severe bleaching event ever documented at EFGB and WFGB. Here, we describe benthic community parameters (including percent coral cover and colony counts) and seawater temperature data (Johnston et al. 2017 ) collected before, during, and after the event in order to examine levels of bleaching within monitoring stations in deep and shallow coral reef locations of FGBNMS. Long-term seawater temperature datasets were also utilized to estimate time-temperature bleaching threshold curves. (Fig. 1) . The EFGB LTM site ranges in depth from 17 to 27 m and is located on the eastern side of the central portion of the coral reef at EFGB (Fig. 1) . The WFGB LTM site ranges in depth from 18 to 25 m and is located on the central portion of the reef at WFGB (Fig. 1) . Within the LTM sites at each bank, approximately 40 repetitive photostations (secured to the reef substrate with pins marked by numbered tags ranging in depth from 18 to 24 m at EFGB and 20 to 24 m at WFGB) are photographed annually. It should be noted that the LTM sites at each bank were established in the late 1980s and were considered to be representative of the coral reef cap areas. Subsequent studies have documented that the coral community (percent cover and diversity) outside LTM sites and across the shallow coral cap is similar to the LTM sites (Dokken et al. 2003; Clark et al. 2014) .
Materials and methods
In addition, approximately 12 repetitive photostations have been established at monitoring sites along the sloping shelf at each bank for sampling the deeper reef community (i.e., 24-40 m; Fig. 1 ). The deep photostations at EFGB range in depth from 32 to 40 m, and the deep photostations at WFGB range in depth from 24 to 38 m (Fig. 1) . For clarity, the repetitive deep photostations along the sloping shelf will be referred to as ''deep photostations'' and the b Fig. 1 shallower repetitive photostations located within LTM sites will be referred to as ''shallow photostations'' from this point forward. (Johnston et al. 2017) . The camera, mounted in the center of an aluminum T-shaped camera frame at a distance of 2 m from the substrate, produced images covering 5 m 2 . To ensure that the stations were photographed in the same manner each year, the frame was oriented in a north-facing direction using a compass and kept vertical using an attached bulls-eye bubble level.
Repetitive photostations
Mean percent benthic cover and the percentage of bleached coral cover within shallow and deep photostations were determined by analyzing images using Coral Point Count with Microsoft Ò Excel Ò extensions v4.1 (CPCe; Kohler and Gill 2006) with a 100 random point overlay distributed on each station photograph. Organisms positioned beneath each random point were identified to the lowest possible taxonomic level, and grouped into primary functional groups: (1) coral, (2) sponge, (3) macroalgae, (4) sand, and (5) colonizable substrate, a composite substrate category that included crustose coralline algae, fine turf algae, and bare rock (Aronson and Precht 2000; Aronson et al. 2005) . Macroalgae included algae longer than approximately 3 mm and thick algal turfs covering underlying substrate. The incidence of coral paling and bleaching was also noted for all coral points. Any point that landed on coral that was pale or discolored relative to what was considered normal for the species was characterized as ''paling'' coral, and any point that landed on a portion of coral with bright white polyp tissue was characterized as ''bleached'' (Lang et al. 2012) . Point count analysis was conducted for each photostation image, and mean percent cover for all groups was determined by averaging photostations by depth and bank. Results are presented as mean percent cover ± standard error.
Benthic percent coral cover data were evaluated with nonparametric distance-based analyses (Primer Ò version 7.0, Plymouth, UK). Euclidean distance resemblance matrices were calculated using untransformed percent cover data for both shallow and deep photostations. Data were left untransformed so the significance of non-dominant groups was not overinflated. Permutational multivariate analysis of variance (PERMANOVA) was based on resemblance matrices and used to test for benthic coral cover differences and estimate components of variation between EFGB and WFGB shallow and deep photostations from 2016 to 2017 (Anderson et al. 2008; Clarke et al. 2014) .
Additionally, to assess impacts to specific coral colonies from bleaching stress in the photostations, total coral colonies in each photostation image were counted, and binned as to the degree of bleaching impact. For each coral colony, an assessment was made to characterize the entire colony as bleached, paling or unbleached. Total percent of bleached and paling coral colonies were calculated to determine the percent of colonies affected per bank. Similarly, percent of species affected per station were calculated at EFGB and WFGB.
Water temperature
As part of the FGBNMS long-term monitoring program, water quality instrumentation was present at EFGB and WFGB before, during, and after the bleaching event. The primary datasonde for recording hourly seawater temperature at depth on the reefs (approximately 22 m at EFGB and 28 m at WFGB) was a Sea-Bird Electronics 37 MicroCAT recorder (Sea-Bird Electronics, Bellevue, WA; herein referred to as SBE 37) with Onset Ò Computer Corporation HOBO Ò Pro v2 U22-001 thermographs (herein referred to as HOBO) attached to the SBE 37 instruments for redundancy (Johnston et al. 2017) . HOBOs were also deployed at 30 m and 40 m deep photostation depths at EFGB and WFGB to record hourly temperature. Seawater temperatures have been monitored on the banks since 1990 as part of the long-term monitoring program (Johnston et al. 2017) .
Daily mean 2016 seawater temperature data from SBE 37 instruments were compared by bank and also to the historic long-term monitoring daily mean dataset using a paired t test in R Ò v2.13.2 (R Core Team 2012). Monotonic trends over the course of the longterm dataset were detected using the Seasonal-Kendall trend test (Helsel and Hirsch 2002; Helsel et al. 2006) . The Seasonal-Kendall trend test performed the Mann-Kendall trend test for each month and evaluated changes among the same months from different years over time, accounting for serial correlation in repeating seasonal patterns.
To estimate time-temperature bleaching threshold curves (Berkelmans 2002; Manzello et al. 2007 ) at EFGB and WFGB, daily mean seawater temperature data at depth from 2009 to 2016 were examined, tallying days averaging 29°C in 0.1-degree°C increments up to 31°C. Total days at each temperature increment were summed for both bleaching and non-bleaching years, and bleaching thresholds for each bank based on exposure time (number of days above high temperatures) during bleaching years were estimated and interpolated as polynomial bleaching curves for each bank. Data from 2009 to 2016 were utilized because there were no gaps in seawater temperature data, and 2010 and 2016 were documented bleaching years at EFGB and WFGB based on a posteriori FGBNMS data.
Results
Seawater temperatures on the reefs at EFGB and WFGB were higher than average in 2016, corresponding to a bleaching event at both banks. The SBE 37 instrument on the reef at EFGB logged a total of 36 d above 30°C from July 23 to September 21, 2016, and the SBE 37 instrument on the WFGB reef logged a total of 21 d above 30°C from July 23 to September 21, 2016 (Fig. 2a) . This in situ data correlated with sea surface temperature satellite data as described by NOAA's Coral Reef Watch bleaching alerts in 2016 for EFGB and WFGB, which reported a maximum heat stress of 9.7°C-weeks from September 13 to 18, 2016 (NOAA Coral Reef Watch 2017 .
When compared by bank, SBE 37 mean daily seawater temperature at EFGB was significantly warmer than WFGB in 2016 (t test, df = 365, t = 9.82, p \ 0.002). Plotted against a 25-yr mean , seawater temperatures on the EFGB reef in 2016 were higher than the 25-yr mean for 345 of 365 d and were significantly warmer (t test, df = 365, t = 33.97, p \ 0.002) than the 25-yr mean (Fig. 2a) . At WFGB, temperatures on the reef in 2016 were higher than the 25-yr mean for 307 of 365 d and were significantly warmer (t test, df = 365, t = 22.20, p \ 0.002) than the 25-yr mean (Fig. 2a) . Such prolonged, elevated temperatures as recorded in 2016 were not exhibited in any other year from 1990 to 2015. When examining daily mean seawater temperature long-term trends, the Seasonal-Kendall test resulted in a significantly increasing monotonic trend from 1990 to 2016 at EFGB and WFGB, after adjusting for correlation among seasons (s = 0.29, z = 5.48, p = 0.004 and s = 0.24, z = 4.87, p = 0.007, respectively), suggesting that seawater temperatures on the banks have increased since 1990.
At the deep photostations, HOBO loggers also detected warm seawater temperatures in 2016 (Fig. 2b, c) . At EFGB, there were 15 d above 30°C recorded by the 30 m logger and zero days above 30°C at the 40 m HOBO, clearly displaying cooler temperatures at depth. In contrast, at WFGB, there were 10 d logged above 30°C at the 30 m HOBO and 24 d above 30°C at the 40 m HOBO.
In July and August 2016 before major signs of bleaching occurred, mean coral cover in the EFGB and WFGB shallow photostations was greater than 60%, with less than 0.2% of the coral cover analyzed showing incidences of bleaching and paling (Table 1) . Based on CPCe benthic cover analysis from photographs taken in October 2016, 67.35 ± 4.53% of the coral cover within the EFGB shallow photostations exhibited signs of bleaching and paling stress, with 21.33 ± 2.01% of the coral cover appearing to be completely bleached (Table 1; Fig. 3 ). Within the WFGB shallow photostations, 25.30 ± 3.40% of the coral cover exhibited bleaching and paling stress, with 8.81 ± 1.79% of the coral cover appearing to be fully bleached (Table 1) .
When assessing bleaching based on coral colony counts from shallow photostation images, 756 individual colonies out of 1626 total colonies (46%) within the EFGB shallow photostations exhibited signs of bleaching and paling stress, with 24% of the colonies appearing to be completely or partially bleached (Supplementary Table 1 ). At WFGB, 500 colonies out of 2051 total colonies (24%) within shallow photostations exhibited signs of bleaching and paling stress, with 10% of the colonies appearing to be completely or partially bleached (Supplementary Table 1 ). Based on both the CPCe percent cover estimates and individual coral colony counts, the EFGB shallow photostations contained higher bleached coral cover and a higher percentage of bleached colonies than the WFGB photostations.
In 2016, 18 species of coral were identified in the shallow photostations. Based on total colony counts, O. franksi was the coral species that was observed to most frequently bleach or pale (Fig. 4) , due to the fact that O. franksi is the dominant reef-building coral at EFGB and WFGB. Therefore, to further investigate susceptible bleaching stress at EFGB and WFGB shallow photostations (Fig. 4) . While still apparent, percent cover affected by bleaching and paling was less in the deep photostations than in the shallow photostations in October 2016. In the EFGB deep photostations, 29.29 ± 4.54% of the coral cover was bleached and paled, with 0.55 ± 0.31% of the coral cover appearing to be completely bleached (Table 1 ). In the WFGB deep photostations, 15.37 ± 5.60% of the coral cover was bleached and paled, with 4.74 ± 2.91% of the coral cover appearing to be completely bleached (Table 1) . Based on coral colony counts within the deep photostations, 46 colonies out of 294 total colonies (16%) at the EFGB deep photostations exhibited signs of bleaching and paling stress, with 4% of the colonies appearing to be completely or partially bleached (Supplementary Table 1 ). Bleaching (%) 0.00 ± 0.00 4.74 ± 2.91 NA 0.00 ± 0.00
Paling (%) 0.00 ± 0.00 10.63 ± 2.68 NA 0.00 ± 0.00
Total bleaching/paling (%) 0.00 ± 0.00 15.37 ± 5.60 NA 0.00 ± 0.00 At the WFGB deep photostations, 91 colonies out of 445 total colonies (20%) exhibited signs of bleaching and paling stress, with 7% of the colonies appearing to be completely or partially bleached (Supplementary Table 1 ). Similar to the shallow photostations, M. cavernosa and M. alcicornis were the species most susceptible to bleaching stress at the deep photostations (Fig. 4) . By the end of January 2017, seawater temperatures surrounding the banks had cooled to 22°C (Fig. 2) and signs of coral paling and bleaching had subsided. After assessing data collected in January 2017, CPCe benthic cover analysis resulted in only 12.92 ± 2.49% of the coral cover within the EFGB shallow photostations still exhibiting signs of bleaching and paling stress, with 0.52 ± 0.35% of the coral cover still appearing to be completely bleached (Table 1) . Minimal mortality was observed (0.35 ± 0.32%) based on the EFGB CPCe percent cover analysis. Based on colony counts in EFGB shallow photostation images in January 2017, 63 individual colonies were still exhibiting signs of paling (3.88% of all counted colonies), 62 colonies exhibited signs of partial mortality where part of the colony had died (3.81% of colonies), and 25 colonies succumbed to mortality (1.54% of colonies), primarily represented by M. alcicornis. The results of both the percent coral cover and colony count analyses suggested that the majority of the colonies had reestablished their endosymbiotic algae communities (family Symbiodiniaceae) and recovered (Fig. 3c) .
At EFGB deep photostations, CPCe benthic cover analysis resulted in only 2.49 ± 1.82% of coral cover still exhibiting signs of bleaching and paling stress, with 0.24 ± 0.24% of coral cover still appearing to be completely bleached (Table 1) . When further examining specific colonies, two colonies were still exhibiting signs of bleaching (0.68% of all counted colonies), 12 colonies were still exhibiting signs of paling (4.08% of colonies), Letters above bars (A-D) indicates coral cover, where group A represents coral cover C 25%, group B represents coral cover\ 25 to C 10%, group C represents coral cover \ 10 to C 1%, and group D represents coral cover \ 1% and one colony exhibited signs of partial mortality (0.34% of colonies). No complete colony mortality was observed. WFGB shallow and deep photostations were not photographed in January 2017 due to time and weather constraints, but signs of coral paling and bleaching had subsided based on diver observations. One year later, during annual long-term monitoring data collection in August 2017, mean living coral cover remained above 60% within shallow photostations at both banks. Mean coral cover was 62.55 ± 2.86% within the EFGB shallow photostations and 61.67 ± 1.89% within the WFGB shallow photostations (Table 1) . When comparing percent cover between years, benthic percent coral cover in 2017 was not significantly different from cover in the 2016 shallow photostations at either bank. Similarly, mean percent living coral cover in 2017 at the deep photostations was not significantly different from coral cover at the deep photostations in 2016 at either bank. Mean coral cover was 72.44 ± 3.64% in the EFGB deep photostations in August 2017 and 73.53 ± 4.59% in the WFGB deep photostations (Table 1) .
When examining bleaching threshold curves for each bank (Berkelmans 2002; Manzello et al. 2007 ), the thermal stress indices calculated were able to effectively segregate bleaching years (2010 and 2016) from non-bleaching years at EFGB and WFGB, as bleaching depended both on temperature and exposure time at that temperature (number of days above high temperatures; Fig. 5 ). At EFGB a total of 27.5 d or more above 30°C would result in coral bleaching (as seen in 2016), whereas a total of 57.5 d above 29.6°C or a total of 79 d above 29°C would also result in coral bleaching based on calculated thresholds. At WFGB, the threshold was slightly less, where a total of 21 d or more above 30°C would result in coral bleaching (as seen in 2016) or a total of 52.5 d above 29.5°C and a total of 71 d above 29°C would result in coral bleaching. Overall, the data suggest that more than 50 d above 29.5°C could initiate a bleaching year at either EFGB or WFGB (Fig. 5) .
Discussion
While coral bleaching was observed at both banks in 2016, significant dissimilarities in the amount of bleaching at EFGB compared to WFGB were likely due to the significant differences in seawater temperatures at depth surrounding the banks (Fig. 2) . On the EFGB reef, there were more days above 30°C (36) than at WFGB (21), and subsequently, more bleaching. Bleaching was less in the deep photostations, as seawater temperatures at these deeper depths are usually cooler along the sloping shelf than the central portion of the reef where the shallow photostations are located; however, the 40 m HOBO at WFGB was anomalous in that it logged more days above 30°C than the WFGB 30 m HOBO. While the shallow photostations at WFGB are slightly deeper than the EFGB shallow photostations, the differences in temperature are more likely associated with oceanographic influences, as circulation patterns can be highly variable even within limited spatial scales in the northern Gulf of Mexico, and water flow and mixing can be highly dependent on the strength and current direction across a bank (Jarosz et al. 2014; Muller-Karger et al. 2015) . In 2016, differences in sea surface temperature, surface salinity, and chlorophyll were confirmed through remote sensing and satellite imagery, as a plume of coastal water was present over EFGB from July to August 2016 (IMaRS 2018; TABS 2018) , which may have influenced EFGB more than WFGB.
The two different methods used to investigate bleaching yielded slightly different results; however, both the CPCe percent cover estimates and individual coral colony counts concurred that EFGB had a higher incidence of bleaching than WFGB. Since the incidence of bleaching has been reported in various ways in previous studies, we found it useful to compare two common approaches (percent coral cover and colony counts) utilizing this photo method. Conducting CPCe percent cover estimates allowed for an overall bleaching estimate within the photostations, while conducting individual colony counts allowed for further investigation of impacts at the species level. While the methods are different, they were both effective at estimating bleaching, and due to the versatile nature of the photostations used in the FGBNMS long-term monitoring program, both methods were able to be utilized to track corals over time. It should be noted that bleaching impacts were only assessed in the long-term monitoring photostations (\ 1% of the coral cap) as opposed to surveys conducted across the entire reef cap.
In general, it has been proposed that the bleaching threshold for many coral reefs is 30°C (Coles et al. 1976) , including the FGBNMS . Even though bleaching events have been reported at FGBNMS in the past, these events have not resulted in significant coral mortality Hagman and Gittings 1992; CSA 1996; Dokken et al. 1999 Dokken et al. , 2001 Dokken et al. , 2003 Precht et al. 2006; Eakin et al. 2010; Zimmer et al. 2010; Johnston et al. 2013 Johnston et al. , 2015 . From 1990 to 1994, minor occurrences of coral bleaching were documented in individual colonies in shallow photostations at EFGB and WFGB CSA 1996) ; however, 1995 was the first moderate bleaching event documented at the banks (approximately 3% of all coral cover bleached) coinciding with seawater temperatures above 30°C (CSA 1996) . Similar to the observations in 2016, M. cavernosa and M. alcicornis were the species most affected by bleaching in 1995, and post-bleaching mortality rates were low at 0.2%-2.8% (CSA 1996) . In 2005, elevated seawater temperatures above 30°C were recorded for 29 d at EFGB and 7 d at WFGB, with moderate to severe coral bleaching documented throughout the Caribbean region, including moderate bleaching at EFGB and WFGB, due to warm ocean temperatures (Eakin et al. 2010; Zimmer et al. 2010) . A series of surveys in 2005 at EFGB documented 10% coral bleaching (from percent cover random point count analysis) in shallow photostations . However, subsequent sampling in 2006 demonstrated no significant mortality from this event. Higher than average seawater temperatures were also observed during the late summer months of 2010, exceeding 30°C for 25 d at EFGB and 24 d at WFGB (Johnston et al. 2013 ). Significant bleaching occurred throughout the region in 2010, including EFGB and WFGB, but was not reflected within the long-term monitoring dataset as signs of bleaching did not manifest until late fall in 2010, after monitoring data was collected. This is similar to all known bleaching events at EFGB and WFGB, where bleaching did not manifest on the banks until later in the year (September/October), as compared to most other areas in the Caribbean. For this reason, it is difficult to assess the full history of coral bleaching at FGB due to the fact that annual monitoring surveys are typically in conducted prior to the time of bleaching onset during optimal weather conditions before the height of hurricane season. For example, in Hughes et al. (2018) , EFGB and WFGB were not locations in the Gulf of Mexico and Caribbean region documented to bleach because the cutoff for data gathering was September 2016 (when corals at the banks were only beginning to show signs of bleaching). As seen in the 2016 percent coral cover data, bleaching in the EFGB and WFGB shallow photostations was less than 1% in July and August 2016, not becoming more severe until later in the season, as documented in October 2016.
In 2016, corals in many regions around the world were exposed to extreme seawater temperatures leading to a severe bleaching event (Hughes et al. 2017 (Hughes et al. , 2018 , with the Great Barrier Reef and other areas in the Pacific experiencing significant bleaching mortality. While bleaching in the Caribbean was not as extreme as in the Pacific, many Caribbean coral reefs still experienced severe to moderate bleaching (Hughes et al. 2018) . Even though coral at EFGB and WFGB experienced the highest levels of bleaching ever recorded at these banks, post-bleaching mortality rates were low, with the majority of coral colonies recovering after seawater temperatures dropped below threshold levels. While threshold temperatures of approximately 30°C may be representative of western Atlantic and Caribbean reefs (Ogden and Wicklund 1988; Hagman and Gittings 1992; Manzello et al. 2007 ), bleaching at FGBNMS may begin at temperatures less than 30°C, as shown in the threshold curves, if exposure time is prolonged. Fortunately, EFGB and WFGB have, to date, recovered from documented bleaching events, but more investigation is needed to determine mortality thresholds at the banks (Berkelmans 2009 ). Nevertheless, the fact that the comparatively deep reefs at EFGB and WFGB experience more stable conditions than shallower tropical coral reefs, apparently resulting in reduced effects when bleaching occurs, suggest that local conditions (e.g., remoteness, depth, fewer stressors) are a key driver in bleaching susceptibility and recovery.
Climate model projections suggest that frequency of bleaching will continue to increase in the future (Ateweberhan et al. 2013; Heron et al. 2016; von Hooidonk et al. 2016; Hughes et al. 2018) . Coral scientists agree that increased frequency and severity of coral bleaching events are correlated with elevated seawater temperatures driven by climate change (Baker et al. 2008; Hughes et al. 2018) . Many also recognize that as ocean temperatures continue to rise, certain corals may be found to be more resistant than others (Baker et al. 2008; Mumby and Steneck 2011) . Monitoring at FGBNMS contributes significantly to research programs, as multi-decadal temperature records at depth track long-term trends, and repetitive monitoring stations allow researchers to track individual corals over time, including during extreme events, such as those related to bleaching. As the global ocean environment changes over time, including changing conditions in the Gulf of Mexico (Karnauskas et al. 2015) , continued monitoring will be essential to documenting ecosystem change and to understanding other factors that drive shifts and disturbances.
